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(54) image forming apparatus and process cartridge mountable to it 



(57) The present invention provides an image form- 
ing apparatus comprising a pliotosensitlve member (1 ), 
an image forming means (4) for forming an innage on 
the photosensitive member, a density detecting means 
(9) adapted to detect density of the image formed on the 
photosensitive member and having a light emitting ele- 
ment and a light receiving element for receiving reflec- 
tion light reflected from the photosensitive member, an 



image forming condition controlling means (20) for con- 
trolling an image forming condition of the innage forming 
means on the basis of detected density of a test image 
formed on the photosensitive member, a memory 
means (10) for storing information regarding the photo- 
sensitive member (1), and a light emitting amount con- 
trolling means for controlling a light emitting amount of 
the light emitting element on the basis of the information 
regarding the photosensitive member 
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Description 

BACKGROUND OF THE INVENTION 

Field ot the Invention 

The present invention relates to an image forming 
apparatus such as a copying machine and a printer us- 
ing an electrophotographic technique, and a process 
cartridge mountable to such an image forming appara- 
tus, and more particularly, it relates to an image forming 
apparatus and a process cartridge, in which density of 
an image formed on a photosensitive member can au- 
tomatically be adjusted. 

Related Background Art 

Fig. 3 is a sectional view of an image forming appa- 
ratus having an image density adjusting function. In this 
apparatus, a photosensitive drum (electrophotographic 
photosensitive member) 1, a charge roller (charge 
means) 2 and a cleaning means 7 are integrally provid- 
ed as a process cartridge 100, which is constructed as 
shown and is detachably mounted to a frame 90 o1 the 
image forming apparatus via a mounting guide means 
80. 

While the photosensitive drum 1 is being rotated in 
a direction shown by the arrow by a drive means (not 
shown), a surface of the photosensitive drum is uniform- 
ly charged by the first charger 2 with predetermined po- 
tential. Then, laser light corresponding a magenta im- 
age pattern is illuminated on the photosensitive drum 1 
through an exposure apparatus 3 to form an electrostat- 
ic latent image on the photosensitive drum 1 . 

As shown in Fig. 5, the photosensitive drum 1 is 
constituted by a conductive (such as aluminium) drum 
base la and a photosensitive layer 1b made of organic 
photo-conductor (OPC) and coated on the drum base, 
and the drum base la is grounded. The photosensitive 
layer lb has four-layer structure including a conductive 
layer (CL) 1b-1, an injection preventing layer (IPL) 1b- 
2, a charge generating layer (CGL) 1b-3, and a charge 
transporting layer (CTL) 1 b-4. 

Four developing devices 4 (4a, 4b, 4c and 4d) are 
mounted on a support 5 at a downstream side of the 
process cartridge 1 GO in a rotational direction of the pho- 
tosensitive drum 1 . Each of the developing devices 4a 
to 4d is formed as a cartridge which can be detachably 
mounted on the support 5 (and, accordingly, on the body 
90 of the image forming apparatus). When the photo- 
sensitive drum 1 is rotated in the direction shown by the 
arrow, the support 5 is rotated so that the developing 
device 4a including magenta (M) toner among four de- 
veloping devices is opposed to the photosensitive drum 
1 . The latent image formed on the photosensitive drum 
1 is developed by the developing device 4a so selected, 
to thereby visualize as a magenta toner image. The ma- 
genta toner image is transferred onto an intermediate 
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transfer belt (intermediate toner member) 5. While the 
intermediate transfer belt 5 is being rotated in a direction 
shown by the arrow at substantially the same speed as 
the photosensitive drum 1 , by applying primary (first) 

5 transfer bias to a first transfer roller 14 opposed to the 
photosensitive drum 1 with the interposition o1 the inter- 
mediate transfer belt 5, the magenta toner image formed 
on the photosensitive drum 1 is primary-charged on an 
outer peripheral surface of the intermediate transfer belt 

10 5. 

By repeating the above-mentioned processes suc- 
cessively regarding a cyan color (C), a yellow color (Y) 
and a black color (K), a color image is formed on the 
intermediate transfer belt 5 by superimposing the ma- 
^5 genta, cyan, yellow and black toner images. A transfer 
material (such as a paper sheet) is picked up from a 
transfer material cassette 11 by a pick-up roller 12 at a 
predetermined timing, and the picked-up transfer nnate- 
rial is supplied to the intermediate transfer belt 5, and, 
20 at the same time, by applying second transfer bias to a 
second transfer roller 8, the four color toner images on 
the intermediate transfer belt 5 are collectively trans- 
ferred onto the transfer material. The transfer material 
to which the four cotor toner images were transferred is 
25 sent to a fixing device 6, where the toner images are 
fused and mixed by heat and pressure, to thereby form 
a full-color image. Residual toner remaining on the pho- 
tosensitive drum 1 is cleaned by a conventional cleaning 
means 7 including a cleaning blade. 
30 Within the body 90 of the image forming apparatus, 
a density sensor 9 is disposed in the vicinity of the pho- 
tosensitive drum 1. In general, in color image forming 
apparatuses of electrophotographic type, when image 
density is changed in accordance with various condi- 
35 tions such as an environmental condition (temperature, 
humidity), the number copy sheets and the like, the cor- 
rect color of the color image itself could not be obtained. 
Thus, density detecting test images (patch images) are 
formed on the photosensitive drum 1 with various color 
40 toners, and density of each image is detected by the 
density sensor 9. On the basis of the detection results, 
image density control is effected by feed-backing the de- 
tection results to the exposure amount and the develop- 
ing bias, to thereby obtain a stable image. 
45 As shown in Fig. 6, the density sensor 9 comprises 
a light emitting element 91 such as LED, a light receiving 
element 92 such as a photo-diode, and a holder 93. In 
this case, an infrared ray from the light emitting element 
91 is illuminated on the patch image P on the photosen- 
50 sitive drum 1 , and light reflected from the patch image 
is received by the light receiving element. By measuring 
an amount of the reflected light, density of the patch im- 
age is detected. The light reflected from the patch Image 
includes specular reflection components and irregular 
55 reflection components. Since a light amount of the spec- 
ular reflection components is greatly changed in accord- 
ance with a condition of the surface of the photosensitive 
member as a background for the patch image and/or a 
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distance between the sensor 9 and the patch innage R 
if the specular reflection components are included in the 
light reflected fronn the patch innage P, the detection ac- 
curacy will be greatly worsened. To avoid this, in the 
density sensor 9, an angle of illumination light incident 5 
to the patch image P is selected to 45** and an angle of 
the reflected light (reflected from the patch image P) re- 
ceived by the tight receiving element is selected to 0° 
so that the specular reflection components from the 
patch image P do not enter into the light receiving ele- to 
ment 92, to thereby measure the Irregular reflection 
components alone. 

Further, when the light emitting amount is de- 
creased by degradation of the LED as the light emitting 
element 90 or if a measuring surface of the sensor is '5 
smudged by toner, it is difficult to maintain the initial abil- 
ity of the density sensor 9 as it is. To cope with this, there 
has been proposed a method for correcting of the den- 
sity sensor 9 by adjusting drive current of the light emit- 
ting element 91 so that an output (light receiving 
amount) of the light receiving element 92 shows a pre- 
determined value (see Japanese Patent Application 
Laid-open No. 7-36230. 

However, this density sensor correcting method is 
based on the assumption that the colors on the photo- 25 
sensitive drum, i.e., reflection factors have no dispersion 
independently. In order to effect the correction of the 
density sensor 9, it is required that all of photosensitive 
drum are manufactured to have no dispersion in their 
reflection factors, to thereby increase the manufacturing 3Q 
cost of the photosensitive drum. Particularly, in the im- 
age forming apparatus of process cartridge type as 
shown in Fig. 3, since the cartridge must be exchanged, 
all of the photosensitive drums in the respective car- 
tridge must have the same reflection factor. 35 

Further, upon the so-called image density control in 
which, prior to normal image formation, density detect- 
ing image (patch innages) are formed on a photosensi- 
tive drum to detect, and density of each image by density 
sensor comprised of a light emitting element and a light 40 
receiving element, and, on the basis of the deflection 
results, various image forming conditions such as 
charge potential of the photosensitive drum, a light 
amount of an exposure device and developing bias to 
be applied to a developing means are controlled, when 45 
a cartridge (process cartridge or developing cartridge) 
is exchanged, the image density is changed due to dis- 
persion in sensitivities of the photosensitive drums and/ 
or dispersion in frictional charging features of toners. 

Although various efforts for stabilizing such variable so 
factors have been made, satisfactory result has not yet 
been achieved. Thus, particularly, in the color image 
forming apparatuses, in order to obtain desired density 
and color balance, four color (Y, M, C and K) image form- 
ing conditions must be adjusted, and, hence, it is advan- 5S 
tageous that the image density is automatically control- 
led by making the above control automatic. Further, the 
above control may be performed when the power source 



of the image forming apparatus is turned ON, when each 
cartridge is exchanged and when a predetermined 
number of copies are finished. In particular, when a tem- 
perature/humidity sensor for detecting temperature and 
humidity in the image forming apparatus is provided, 
such control may be performed only if predetermined 
change in temperature/humidity occurs. 

However, in the above conventional image forming 
apparatus, since the image forming conditions must be 
controlled in consideration of all variable factors, a 
number of patch images having different image forming 
conditions must be formed, and, thus, the control time 
is increased accordingly and a large number of toner is 
consumed. To avoid that, it is considered that a smaller 
number of patch images are formed. In this case, how- 
ever, control error is increased accordingly, which caus- 
es poor color balance particularly in the color image. Al- 
ternatively, upon manufacturing, only photosensitive 
drums and toners having no or less dispersion may be 
selected. In this case, however, yield is greatly wors- 
ened, to thereby make the photosensitive drum and ton- 
er expensive. 

SUMMARY OF THE INVENTION 

The present invention aims to eliminate the above- 
mentioned conventional drawbacks, and has an object 
is to provide an innage forming apparatus in which image 
density control can be performed with high accuracy. 

Another object of the present invention is to provide 
an innage forming apparatus in which correction of a 
density sensor can easily be effected. 

Afurther object of the present invention is to provide 
an image forming apparatus in which an innage can be 
formed with proper density regardless of difference be- 
tween photosensitive members. 

,A still further object of the present invention is to 
provide an image forming apparatus in which an image 
can be formed with proper density even when a photo- 
sensitive member is exchanged. 

A f u rther object of the present invention is to provide 
an image forming apparatus which comprises a photo- 
sensitive member, an image forming means for forming 
an image on the photosensitive member, a density de- 
tecting means adapted to detect density of the image 
formed on the photosensitive member and having a light 
emitting element and a light receiving element for re- 
ceiving reflection light reflected from the photosensitive 
member, an image forming condition controlling means 
for controlling an innage forming condition of the image 
forming means on the basis of detected density of a text 
image formed on the photosensitive member, a memory 
means for storing information regarding the photosen- 
sitive member, and a light emitting amount controlling 
means for controlling a light emitting amount of the light 
emitting element on the basis of the information regard- 
ing the photosensitive member. 

A still further object of the present Invention is to 
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provide a prcx;ess cartridge mountable to an image 
forming apparatus, the process cartridge comprises a 
photosensitive member and a memory means for stor- 
ing information regarding the photosensitive member. 

A further object of the present invention is to provide 
an image forming apparatus which comprises a photo- 
sensitive member, an image forming means for forming 
an image on the photosensitive member, a density de- 
tecting means for detecting density of the innage formed 
on the photosensitive member, a control means for con- 
trolling an image forming condition of the image forming 
means on the basis of detected density of a text image 
formed on the photosensitive member, and a memory 
means for storing information regarding the photosen- 
sitive member. Wherein the image forming means forms 
the text image on the photosensitive member on the ba- 
sis of the information regarding the photosensitive mem- 
ber. 

The other objects and features of the present inven- 
tion will be apparent from the following detailed expla- 
nation referring to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of an image forming appa- 
ratus on which a process cartridge can be detach- 
ably mounted, according to an embodiment of the 
present invention; 

Fig. 2 is a flow chart showing a correcting method 
tor a density sensor disposed in the apparatus of 
Fig. 1; 

Fig. 3 is a sectional view of a conventional forming 
apparatus on which a process cartridge can be de- 
tachably mounted; 

Fig. 4 is a perspective view of the process cartridge 
of Fig. 3; 

Fig. 5 is a sectional view showing a layer structure 
of a photosensitive layer of a photosensitive mem- 
ber disposed in the process cartridge of Fig. 3; 
Fig. 6 is a schematic view of a density sensor dis- 
posed in the apparatus of Fig. 3; 
Fig. 7 is a sectional view of an image forming appa- 
ratus on which a process cartridge can be detach- 
ably mounted, according to an embodiment of the 
present invention; 

Fig. 8 is a block diagram showing a connection re- 
lation between a CPU, a ROM and an NVRAM; 
Fig. 9 is a view showing change in density of detect- 
ing image with respect to developing bias in case 
of uppermost sensitivity of a photosensitive drum; 
Fig. 10 is a graph showing change in density of de- 
tecting image with respect to developing bias in 
case of sensitivity of center of a photosensitive 
drum; 

Fig. 11 is a graph showing change in density of de- 
tecting image with respect to developing bias in 
case of uppermost sensitivity of a photosensitive 
drum; 



Fig. 12 is a graph showing change in density of de- 
tecting innage with respect to developing bias in 
case of lowermost sensitivity of a photosensitive 
drum; 

6 Fig. 13 is a control flow chart showing an image 
forming condition; 

Fig. 1 4 is a graph showing a relation between ex- 
posed portion potential of the photosensitive drum 
and proper developing bias; 
Fig. 15 is a sectional view of an image forming ap- 
paratus on which a process cartridge can be de- 
tachably mounted, according to another embodi- 
ment of the present invention; 
Fig. 1 6 is a block diagram showing a connection re- 
lation between a CPU, a ROM, an NVRAM and a 
counter; 

Fig. 17 is a flow chart regarding writing of number 
of accumulated print sheets in the apparatus of Fig. 
15; 

Fig. 18 is a control flow chart showing an image 
forming condition of the apparatus of Fig. 15; and 
Fig. 19 is a graph showing a relation between 
number of accumulated print sheets and exposed 
portion potential. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be explained in con- 
nection with embodiments thereof with reference to the 
accompanying drawings. 

Fig. 1 is a sectional view showing an embodiment 
of an image forming apparatus (laser beam printer) ac- 
cording to the present invention. Elements having the 
same construction and function as those of the conven- 
tional image forming apparatus shown in Fig. 3 are des- 
ignated by the same reference numerals and explana- 
tion thereof will be omitted. 

A photosensitive drum (electrophotographic photo- 
sensitive member) 1 , a first charger (charge means) 2 
and a cleaning means 7 are integrally provided as a 
process cartridge 100 according to the present Inven- 
tion, which is detachably mounted to a body 90 of an 
image forming apparatus via a mounting guide means 
80. The photosensitive drum 1 is rotatably supported in 
the process cartridge 100 and is disposed substantially 
at a central portion of the apparatus body 90. and the 
charger 2 and the cleaning means 7 are disposed 
around the photosensitive drum 1 . Outside of the proc- 
ess cartridge 100, around the photosensitive drum 1, 
there are disposed an exposure device 3, four develop- 
ing devices 4 (4a, 4b, 4c and 4d) mounted on a support 
15, an intermediate transfer belt 5 and a density sensor 
9. A fixing device 6 is disposed at a left and lower portion 
of the apparatus body 90. 

A non -volatile memory means 1 0 having character- 
istic of the present invention Is disposed within the proc- 
ess cartridge 100. The memory means 10 may be an 
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electric memory means such as a RAM and a re-writable 
ROM, or a magnetic memory medium, or a magnetic 
bubble memory, or a magnetic memory means such as 
a photo-magnetic memory, or a mechanical memory 
means such as detection frames. However, other mem- 
ory means can be used so long as It can store and hold 
information. In the illustrated embodiment, NVRAM 
(non-volatile RAM) is used In consideration of easy han- 
dling and low cost. 

The memory means 10 stores information regard- 
ing density (infrared ray reflection factor) of the photo- 
sensitive drum 1 at the manufacture of the photosensi- 
tive drum (i.e. , a light receiving amount of light reflected 
from the photosensitive drum when a predetermined 
amount of light is illuminated on the non-used photosen- 
sitive drum), and such information can be read by a CPU 
20 of the apparatus body 90. In the illustrated embodi- 
ment, density VPH of background of the photosensitive 
drum 1 at the manufacture thereof is measured by a ref- 
erence density sensor reference-calibrated at the man- 
ufacture of the photosensitive drum in the same condi- 
tion as that when it is mounted on the image forming 
apparatus, and the measured result is stored in the 
memory means. 

In the density sensor 9 used in the illustrated em- 
bodiment, the illuminating light amount can be changed 
at 256 steps from OOh to FFh (h is hexadecimal number) 
on the basis of an 8-bit signal by command from the CPU 
20. The illuminating light amount OOh means a minimum 
light amount (= 0) and the illuminating light amount FFh 
means a maximum light amount. A mechanical structure 
of the density sensor 9 itself is the same as that shown 
in Fig. 6, and, thus, comprises a light emitting element 
91 such as an LED, a light receiving element 92 such 
as a photo-diode, and a holder 93. 

A correcting method for the density sensor 9 ac- 
cording to the present invention will be explained with 
reference to a flow chart shown in Fig. 2. 

When the correction command for the density sen- 
sor 9 is inputted to the CPU 20 of the apparatus body 
90, the density sensor correcting sequence is started 
(step SI). Then, the photosensitive drum 1 is rotated 
(step S2). The correction of the density sensor accord- 
ing to the illustrated embodiment is effected before im- 
age density control is performed. However, the correc- 
tion may be effected by proper times in consideration of 
a time elapsed from the previous correction of the den- 
sity sensor, the number of copies and/or change in en- 
vironment. 

Then, the CPU 20 reads out reflect light amount da- 
ta VPH (step S3). Then, the light emitting element 91 of 
the density sensor 9 emits irradiation light amount AOH 
corresponding to correction initial light amount, and den- 
sity VMES of the photosensitive drum 1 is measured on 
the basis of the received light amount of the light receiv- 
ing element 92 (steps S4 and S5). Then, the CPU 20 
compares VMES with VPH (step S6). 

11 VMES =: VPH, the light amount AOh is selected to 



the irradiation light amount of the light emitting element 
91 in the image density control. On the other hand, if the 
sensor output VMES is smaller than VPH, the irradiation 
light amount is increased by 1 h by Ih until VMES reaches 
s VPH (step S7). The light amount when VMES reaches 
VPH is selected to the irradiation light amount of the light 
emitting element 91 in the image density control. 

If the irradiation light amount when VMES = VPH 
does not present in a range between 80h and FFh, the 
correction of the density sensor is stopped, and further 
image density control is not effected. Further, sensor ab- 
normity is displayed on a display panel (step S11), to 
thereby permit the operator to clean or change the den- 
sity sensor. 

After the correction of the sensor is finished correct- 
ly (step SI 2), the image density control is started (step 
SI 3). Lastly, the rotation of the photosensitive drum is 
stopped (step SI 4), to thereby finish the image density 
control. 

As mentioned above, in the present invention, since 
the non-volatile memory means 10 is provided in the im- 
age forming apparatus and the reflect light amount data 
of the photosensitive drum 1 at the manufacture thereof 
(i.e., non-used photosensitive drum) is stored in the 
memory means and the optical density sensor 9 for 
measuring the density of the test inaage formed on the 
photosensitive drum 1 for the image forming condition 
control is corrected in accordance with the reflect light 
amount data of the photosensitive drum 1, reduction in 
correction accuracy of the density sensor due to disper- 
sion of reflection factor of the photosensitive drum can 
be suppressed. Accordingly, the density of the test im- 
age can be detected with high accuracy The accui;acy 
of the image forming condition control is also improved. 
The adjustment of the reflect light amount (background 
density) of the photosensitive drum can be omitted, to 
thereby provide a cheaper photosensitive drum. 

Next, an embodiment in which a test image is 
formed on a photosensitive drum and an image forming 
condition is controlled in accordance with density of the 
test image will be explained. 

Fig. 7 is a sectional view of an image forming appa- 
ratus in this embodiment. In this embodiment, a laser 
beam printer is shown as the image forming apparatus. 
Elements having the same construction and function as 
those of the conventional image forming apparatus 
shown in Fig. 3 are designated by the same reference 
numerals and explanation thereof will be omitted. 

A photosensitive drum (electrophotograhic photo- 
sensitive member) 1 , a charge roller (charge means) 2 
and a cleaning means 7 are integrally provided as a 
process cartridge (photosensitive drum cartridge) 100 
according to the present invention, which is detachably 
mounted to a body 90 of an image forming apparatus 
via a mounting guide means 80. 

The characteristic of this embodiment is that a non- 
volatile memory means 10 is provided in the process 
cartridge 1 00 and sensitivity of the photosensitive drum 
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1 is judged on the basis ot information stored in the 
memory means 10 so tliat an image forming condition 
used in image forming condition control can be 
changed. 

The non-volatile memory means 1 0 used in this em- s 
bodiment may be an electric memory means such as a 
RAM and a re-writable ROM, or a magnetic memory me- 
dium, or a magnetic bubble memory, or a magnetic 
memory means such as a photo-magnetic memory, or 
a mechanical memory means such as detection frames, 
However, other memory means can be used so long as 
it can store and hold information. In the illustrated em- 
bodiment, NVRAM (non-volatile RAM) is used in con- 
sideration of easy handling and low cost. A CPU 11 is 
provided in the body 90 of the image forming apparatus, ^5 
and. as shown in Fig. 8, a ROM 12 and the NVRAM 10 
are connected to the CPU 11. The CPU 11 reads the 
Information stored in the NVRAM 1 0 ot the photosensi- 
tive drum cartridge 100, and the read information is 
treated in accordance with the Information in the ROM 20 
12. 

In the illustrated embodiment, the exposure light 
amount is set so that the first charge potential of the pho- 
tosensitive drum 1 becomes -600 V and exposure por- 
tion potential (when a photosensitive drum having aver- 25 
age sensitivity is used) becomes -200 V. Further, as 
shown in Fig. 9, a detecting image is formed by using 3 
X 3 print pattern among 4 X 4 dot matrix. The detecting 
image is formed by changing developing bias (among 
image forming conditions), and developing bias making 30 
optical density of the detection image to 1 .0 is sought. 
The developing bias control is effected in this way. 

Figs. 10 to 12 are graphs showing a relation be- 
tween optical density of the detecting image and the de- 
veloping bias. Fig. 10 shows the change in density of 35 
the detecting image under three environmental condi- 
tions (i.e. , normal temperature and normal humidity con- 
dition (23°C, 60%Rh) and high temperature and high 
humidity condition (SO'C, 80%Rh)and low temperature 
and low humidity condition (1 5°C, 1 0%Rh) when a pho- 40 
tosensitive drum having average sensitivity and the ex- 
posure portion potential (regarding the light set as above 
mentioned) of -200 V is used, Fig. 1 1 shows the change 
in density of the detecting image under the above three 
environmental conditions when a photosensitive drum 45 
having excellent sensitivity to the exposure light and the 
exposure portion potential (regarding the light set as 
above mentioned) of -100 V is used, and Fig. 12 shows 
the change in density of the detecting image under the 
above three environmental conditions when a photo- so 
sensitive drum having poor sensitivity to the exposure 
light and the exposure portion potential (regarding the 
light set as above mentioned) of -300 V is used. 

As can be seen from Figs. 10 to 12, the density fea- 
ture is varied with the sensitivity of the photosensitive ss 
drum and the developing device associated with the 
photosensitive drum. In the conventional techniques, in 
orderto seekdeveloping bias satisfying the desired den- 



sity 1 .0, under the image forming condition control, the 
detecting images are formed while changing from the 
developing bias (= -1 50 V) shown by the arrow A in Fig. 
1 1 when the density is greatest in the same developing 
bias (I.e., when the photosensitive drum shown in Fig. 
11 is used and the developing device is used under the 
high temperature and high humidity) to the developing 
bias (= -450 V) shown by the arrow B in Fig. 12 when 
the density is smallest in the same developing bias (i.e., 
when the photosensitive drum shown in Fig. 12 is used 
and the developing device is used under the low tem- 
perature and low humidity), and the densities ot the im- 
age are measured, thereby finishing the seeking devel- 
oping bias. 

To the contrary, in the present invention, the sensi- 
tivity infomnation of the infornnation of the photosensitive 
drum at the manufacture thereof is written in the NVRAM 
10, and sensitivity information is read by the CPU 11 of 
the body 90 of the image forming apparatus, and the 
developing bias condition used in the image forming 
condition control is changed. That is to say, since the 
developing bias condition is controlled by the known 
sensitivity of the photosensitive drum 1 , the control error 
for the developing bias becomes snoall, and the control 
time and consumed toner can be reduced. 

Detailed explanation will be made with reference to 
a control flow chart shown in Fig. 1 3. 

In a step SI , the sensitivity information K of the pho- 
tosensitive drum 1 stored in the NVRAM 10 of the proc- 
ess cartridge 1 00 mounted on the body 90 of the image 
forming apparatus is read by the CPU 11. In the illus- 
trated embodiment, the sensitivity information K of the 
photosensitive drum is divided into ten groups 0, 1 , 2 
9, and these groups are stored in predetermined ad- 
dresses of the NVRAM one by one. The sensitivity in- 
formation K = 0 indicates sensitivity in which the ex- 
posed portion potential becomes -1 00 V to -1 1 9 V when 
the predetermined charging and the predetermined ex- 
posure are effected. Similarly, K = 1 indicates -120 V to 
-1 39 V, K = 2 indicates -1 40 V to -1 59 V, K = 3, indicates 
-1 60 V to -1 79 V, K = 4 indicates -1 80 V to -1 99 V, K = 
5 indicates -200 V to -21 9 V, K = 6 indicates -220 V to 
-239 V, K = 7 indicates -240 V to -259 V, K = 8 indicates 
-260 V to -279 V and K = 9 indicates -280 V to -300 V 

Then, In a step S2, the CPU 11 refers to developing 
bias Vbias corresponding to the sensitivity K of the pho- 
tosensitive drum stored in the ROM 12 and determines 
the developing bias Vbias upon the test image forming 
image density control. 

More specifically Fig. 14 is a graph showing a re- 
lation between the developing bias in which the density 
of the detecting image (test image) satisfies 1 .0 and the 
exposed portion potential of the photosensitive drum, 
the abscissa representing the exposed portion potential 
also indicates the range of the sensitivity K. For exam- 
ple, when K = 5, as shown in Fig. 14, the developing 
bias upon the image density control is -250 V to -350 V, 
and -250 V, -275 V, -300 V, -325 V, -350 V and -375 V 
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obtained by dividing the above range into six at 24 V 
interval may be used as the developing biases 1,2,3, 
4, 5, 6 upon the image density control. 

In a step S3, the detecting patterns (detecting im- 
ages) PI, P2, P3, P4, P5 and P6 are formed (printed) 
by using the developing bias 1 , 2, 3, 4, 5 and 6 deter- 
mined in the step S2. Then, in a step S4, the densities 
of the printed detecting patterns PI , P2, P3, P4, P5 and 
P6 are measured by the density sensor 20, thereby de- 
termining the densities D1, D2, D3, D4, D5 and D6. 
Thereafter, In a step S5, the developing bias satisfying 
the density 1.0 is determined on the basis of the densi- 
ties D1 to D6. 

As mentioned above, the NVRAM (non-volatile 
memory means) 1 0 is mounted on the process cartridge 
100, the sensitivity of the photosensitive drum 1 is stored 
in the NVRAM, the sensitivity of the photosensitive drum 
is referred to upon the image forming condition control, 
and the developing bias condition used in the image 
forming condition control is controlled on the basis of the 
sensitivity information. Thus, the error of the image 
forming condition control upon the exchange of the proc- 
ess cartridge becomes snriall, an image having stable 
density can be obtained, and the control time and con- 
sumed toner can be reduced. If the control becomes im- 
possible (contamination or damage of the density sen- 
sor 20), by determining the developing bias used in the 
actual image formation on the basis of the sensitivity in- 
formation of the photosensitive drum stored in the 
NVRAM of the process cartridge, even when the control 
is impossible, the change in density can be reduced. 

Fig. 15 is a sectional view showing another embod- 
iment. 

Although the change in sensitivity of the photosen- 
sitive drum 1 sometimes occurs at the manufacture 
thereof as mentioned above, it is well known that the 
sensitivity of the photosensitive drum is changed the 
number of image formed sheets (prints). The reasons 
are considered that the sensitivity feature of the photo- 
sensitive layer of the photosensitive drum 1 is deterio- 
rated by repeating the charging and the exposure and 
that the thickness of the photosensitive layer is de- 
creased by the cleaning means to change the electro- 
static capacity Various efforts for stabilizing the feature 
regardless of the number of the prints have still been 
made, as well as the sensitivity stability at the manufac- 
ture of the photosensitive drum. However, the satisfac- 
tory result could not yet been achieved. 

In this embodiment, a counter 13 for counting the 
number of prints (image formed sheets) is provided with- 
in the body 90 of the image forming apparatus. The 
number of prints counted by the counter 13 is stored 
(written) in the NVRAM (non-volatile memory means) 1 0 
provided in the process cartridge 100 by the CPU 11, 
and, upon the image forming condition control using the 
sensitivity information of the photosensitive drum 1 as 
is in the aforementioned embodiment, the image form- 
ing condition is corrected on the basis of the number of 



prints to obtain the optimum result. Fig. 16 shows a con- 
nection relation between the NVRAM 10, CPU 11, ROM 
12 and counter 13. 

Explaining the number of prints, the number of 
5 prints counted by the counter 1 3 is written in the NVRAM 
10 of the process cartridge 100. It is not preferable that 
the writing of the print number is effected every point in 
consideration of the service life of the NVRAM 10 due 
to the limited writable number. Further, since the change 
in sensitivity of the photosensitive drum 1 normally oc- 
curs every several hundred prints, the writing nnay be 
effected every 100 to 1 000 prints. However, if the power 
source of the apparatus body 90 is turned OFF before 
writing, since the accumulated number of prints is 
cleared, immediately before the power source is turned 
OFF, it is preferable that the number of prints is written 
in the NVRAM 10 even if not reach the predetermined 
number. Since the number to be written in the NVf=^M 
10 should be accumulated, the print number obtained 
by adding the number of prints to be written in the 
NVRAM to the number of prints already stored in the 
NVRAM may be written in the NVRAM. 

The writing in the NVRAM every 100 prints will be 
explained with reference to a flow chart shown in Fig. 1 7. 

After the image is formed (printed) in a step SI , in 
a step S2, the print number n in the counter 13 is in- 
creased by one (1). Then, in a step S3, the CPU 11 judg- 
es whether the power source of the image forming ap- 
paratus is ON or OFF. If ON, the program goes to a step 
S4; whereas, if OFF, the program goes to a step S5. 

In the step S4, it is judged whether the print nurriber 
n is snnallerthan 100 or not. In the step S5, the number 
(N + n) obtained by adding the accumulated print 
number N in the NVRAM 1 0 to the counted print number 
n is written in the NVRAM 10, and then, the program is 
ended. On the other hand, in the step S4, if it is judged 
as n > 100, in a step S6, the number (N -t- 100) obtained 
by adding 1 00 to the accumulated print number N in the 
NVRAM 10 is written In the NVRAM 10. Then, in a step 
S7, the print number n of the counter is cleared to zero 
(0), and the program is returned to the step SI. In the 
stepS4, if it is judged as n < 100, the program is returned 
to the step SI. 

Now, the control using the accumulated print 
number N in the NVRAM 10 will be explained with ref- 
erence to a control flow chart shown in Fig. 18. 

In a step SI in Fig. 18, as is in the aforementioned 
embodiment, the sensitivity information K of the photo- 
sensitive drum stored in the NVRAM 10 of the process 
cartridge 100 is read by the GPU 11 . In a step S2, as is 
in the aforementioned embodiment, the CPU 11 refers 
to the table representing the relation between the pho- 
tosensitive drum sensitivity K and the developing bias 
Vbias in the ROM 12, thereby temporarily determining 
the developing biases VI, V2, V3, V4, V5 and V6 upon 
the image density control. In a step S3, the CPU 11 
reads the accumulated print number N stored in the 
NVRAM 10. In a step S4, the temporarily determined 
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developing biases VI , V2, V3, V4, V5 and V6 deter- 
mined in the step S2 is corrected while referring to the 
table representing the relation between the accumulat- 
ed print number N and the change in exposed portion 
potential in the ROM 12, thereby determining the devel- 
oping biases V'1 , V'2, V'3, V'4, V'5 and V'6 upon actual 
control. Now, the relation between the accumulated print 
number N and the exposed portion potential will be de- 
scribed with reference to Fig. 1 9 which is a graph show- 
ing a relation between the initial exposed portion poten- 
tial and the potential variation amount. As can be seen 
In Fig. 19, as the number of prints is increased, the sen- 
sitivity of the photosensitive drum is reduced and the ex- 
posed portion potential is Increased. This relation is writ- 
ten as a table which is in turn stored in the ROM 12. The 
actual exposed portion potential is corrected in accord- 
ance with the accumulated print number N from the 
NVRAM 10. 

More specifically, if the sensitivity K of the photo- 
sensitive drum at the manufacture thereof stored in the 
NVRAM 10 is 5 (K = 5), the temporarily determined de- 
veloping biases VI . V2. V3, V4. V5 and V6 become -250 
V. -275 V. -300 V, -325 V, -350 V and -375 V, respectively. 
When the accumulated print number N Is 10,000, as 
shown in Fig. 1 9, it is considered that the actual exposed 
portion potential is increased by 50 V, and, -300 V, -325 
V, -350 V. -375 V, -400 V and -425 V corrected by the 
increased potential rnay be used as the developing bi- 
ases V'1, V'2, V'3, V'4, V5 and V'6 upon actual control. 
Further, if the sensitivity variation depending upon the 
print number is changed in accordance with the initial 
sensitivity of the photosensitive drum, the above table 
may be provided accordingly. 

Steps S5, S6 and S7 following to the step S4 are 
the same as the aforementioned embodiment. Thus, the 
detecting patterns PI, P2, P3, P4, P5 and P6 are print- 
ed, the densities thereof are measured by the density 
sensor to determine the respective densities D1, D2, 
D3, D4, D5 and D6, and the developing biases satisfying 
the density 1.0 are determined on the basis of the den- 
sities D1 to D6. 

As mentioned above, according to the illustrated 
embodiment, even when the sensitivity of the photosen- 
sitive drum is reduced in use due to the increase in the 
print number, since the reduction of the sensitivity is cor- 
rected on the basis of the print number, the control ac- 
curacy of the image forming condition control is im- 
proved, and, thus the image having stable density can 
be obtained, and the control time and toner consumption 
can be reduced. Even when the process cartridge is 
changed to the old one, the control can easily be effect- 
ed. 

While an example that the image forming condition 
is controlled by changing the developing bias was ex- 
plained, the present invention is not limited to such an 
example, but, the charging potential or the exposure 
amount may be controlled. 

As mentioned above, since the non-volatile memo- 



14 

ry means for storing the sensitivity information of the 
photosensitive drum is provided in the process cartridge 
including at least the photosensitive drum and the image 
forming condition is controlled on the basis of such sen- 

s sitivity infomnation, the Image forming condition can be 
optimized regardless of the selection of the photosensi- 
tive drums. As a result, in the image forming condition 
control at the exchange of the process cartridge, the 
number of required detecting images can be decreased, 

10 the image density control time and consumed toner can 
be reduced. 

In addition, when the number of the print sheets is 
written in the non-volatile memory means and the sen- 
sitivity of the photosensitive drum is corrected on the 

fs basis of the information regarding the number of the 
print sheets, even when the sensitivity of the photosen- 
sitive drum Is reduced due to increase in the number of 
the print sheets, the control time and consumed toner 
can similarly be reduced regardless of the selection of 

20 the photosensitive drums. Further, In any cases, even if 
the control becomes Impossible, since the image form- 
ing condition obtained by previously measuring the sen- 
sitivity of the photosensitive drum can be used, the 
change in density can be reduced. 

25 Incidentally, the process cartridge may incorporate 
therein an electrophotographic photosensitive member, 
and a charge means, a developing means or a cleaning 
means as a unit which can removably be mounted to an 
image forming apparatus, or may Incorporate therein an 

30 electrophotographic photosensitive member, and at 
least one of a charge means, a developing means and 
a cleaning means as a unit which can removably be 
mounted to an image forming apparatus, or may Incor- 
porate therein an electrophotographic photosensitive 

35 member, and at least a developing means as a unit 
which can removably be mounted to an image forming 
apparatus. 

The present Invention Is not limited to the above- 
mentioned embodiments, various alterations and mod- 
40 Ificatlons can be made within the scope of the invention. 

Claims 



45 1. An image forming apparatus comprising: 

a photosensitive member; 

an image forming means for forming an image 

on said photosensitive member; 

so a density detecting means for detecting density 

of the Image formed on said photosensitive 
member, and having a light emitting element 
and a light receiving element for receiving re- 
flecting light reflected from said photosensitive 

55 member; 

an image forming condition controlling means 
for controlling an Image forming condition of 
said Image forming means on the basis of a de- 
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tected density of a test image formed on said 
photosensitive member; 
a memory means for storing an inforn^tion re- 
garding said photosensitive member; and 
a light emitting amount controlling means for 
controlling a light emitting amount of said light 
emitting element on the basis of the information 
regarding said photosensitive member 

2. An image forming apparatus according to claim 1 , 
wherein the information regarding said photosensi- 
tive member is information associated with light re- 
flection factor of said photosensitive member 

3. An image forming apparatus according to claim 1 , 
wherein the information regarding said photosensi- 
tive member is a reflection light amount when pre- 
determined light is illuminated on said photosensi- 
tive member not yet used. 

4. An image forming apparatus according to claim 1 , 
wherein the information regarding said photosensi- 
tive member is a reflection light amount when pre- 
determined light is illuminated on said photosensi- 
tive member at the manufacture thereof. 

5. An image forming apparatus according to claim 1 , 
wherein said photosensitive member can be ex- 
changed together with said memory means. 

6. An image forming apparatus according to claim 1 , 
wherein said memory means comprises a non-vol- 
atile RAM. 

7. An image forming apparatus according to claim 1 , 
wherein the image forming apparatus performs the 
density detection of the test image after the light 
emitting amount of said light emitting element is ad- 
justed in accordance with the information regarding 
said photosensitive member, and then the image 
forming condition of the image forming apparatus is 
adjusted. 

8. An image forming apparatus according to claim 1 , 
wrtierein said image forming means has a develop- 
ing portion for developing a latent image formed on 
said photosensitive member, and said image form- 
ing condition controlling means controls bias volt- 
age applied to said developing portion, on the basis 
of the detected density. 

9. A process cartridge removably mountable to an im- 
age forming apparatus capable of controlling image 
density, comprising: 

a photosensitive member; and 
a memory means for storing information re- 
garding said photosensitive member. 



10. A process cartridge according to claim 9, wherein 
the information regarding said photosensitive mem- 
ber is information associated with light reflection 
factor of said photosensitive member. 

5 

11. A process cartridge according to claim 9, wherein 
the information regarding said photosensitive mem- 
ber is a reflection light amount when predetermined 
light is illuminated on said photosensitive member 

to not yet used. 

12. A process cartridge according to claim 9, wherein 
the information regarding said photosensitive mem- 
ber is a reflection light amount when predetermined 

ts light is illuminated on said photosensitive member 
at the manufacture thereof. 

13. A process cartridge according to claim 9, wherein 
said memory means comprises a non -volatile RAM. 

20 

14. A process cartridge according to claim 9, further 
comprising at least one of a charge means for 
charging said photosensitive member, a developing 
means for supplying developer to said photosensi- 

25 live member, and a cleaning means for cleaning 
said photosensitive member 

15. An image forming apparatus comprising: 

30 a photosensitive member; - 

an image forming means for forming an image 
on said photosensitive member; 
a density detecting means for detecting density 
of the image formed on said photosensitive 

35 member; 

a control means for controlling an image form- 
ing condition of said image forming means on 
the basis of detected density of a test image 
formed on said photosensitive member; and 

40 a memory means for storing information re- 

garding said photosensitive member; 

wherein said image forming means forms the test 
image on said photosensitive member on the basis 
45 of the information regarding said photosensitive 
member 

16. An image forming apparatus according to claim 15, 
wherein the information regarding said photosensi- 

50 tive member is information regarding sensitivity of 
said photosensitive member with respect to prede- 
termined light. 

17. An image forming apparatus according to claim 15, 
55 wherein said photosensitive member can be ex- 
changed together with said memory means. 

18. An image forming apparatus according to claim 15, 
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wherein said memory means comprises a non-vol- 
atile RAM. 

19. An image forming apparatus according to claim 15, 
wherein said image forming means has a develop- s 
ing portion for developing a latent image formed on 
said photosensitive member, and said image form- 
ing condition controlling means controls bias volt- 
age applied to said developing portion, on the basis 

of the detected density. to 

20. An image forming apparatus according to claim 15, 
wherein said image forming means forms the test 
image on the basis of information regarding a fea- 
ture of said photosensitive member and information ^5 
regarding a used amount of said photosensitive 
member. 

21. A process cartridge removably mountable to an im- 
age fonming apparatus, comprising: 

a photosensitive member; and 
a memory means for storing information re- 
garding sensitivity of said photosensitive mem- 
ber. 25 

22. A process cartridge removably mountable to an Im- 
age forming apparatus, comprising: 

a photosensitive member; and 30 
a memory means for storing information re- 
garding a feature of said photosensitive mem- 
ber and information regarding a used amount 
of said photosensitive member. 

35 

23. A process cartridge according to claim 22, wherein 
the information regarding the feature of said photo- 
sensitive member is information regarding sensitiv- 
ity of said photosensitive member. 

40 

24. A process cartridge according to claim 22, wherein 
the information regarding the used amount of said 
photosensitive member is the number of prints. 

25. A process cartridge according to claim 21, further 45 
comprising at least one of a charge means for 
charging said photosensitive member, a developing 
means for supplying developer to said photosensi- 
tive member, and a cleaning means for cleaning 
said photosensitive member. so 

26. A process cartridge according to claim 22, further 
comprising at least one of a charge means for 
charging said photosensitive member, a developing 
means for supplying developer to said photosensi- 55 
five member, and a cleaning means for cleaning 
said photosensitive member. 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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